INTRODUCTION
It has been the common practice of communities situated on coastline to utilize the adjacent oceans as a convenient receiver for all domestic wastes. At the present time, for example, 37 sewage outfalls in the State of California discharge into the Pacific Ocean (Pearson 1955) , the largest of these contributing approximately 250 million gallons of domestic sewage per day to the coastal waters. When public health invcstigations in the late 1800's made it clear that enteric infections are primarily waterborne, attention was directed to the possible public health significance of the practice of discharging human wastes into marinc waters used for recreational purposes or for the culture of shellfish. Numerous invcstigations were made of the occurrcncc and survival of cnteric pathogens and coliform bacteria in sea water (see Zobcll 1941 , Pearson 1955 , Greenberg 1956 , Terry 1956 , for extensive reviews) and many public health agencies have established coliform standards for marinc waters under their jurisdiction.
However, except for a single report by Nusbaum and Garver (1955) who briefly mention finding up to 24 million coliforms 1 Allan Hancock Foundation, contribution No. 204. per gram of wet mud in the vicinity of an outfall discharging into San Diego Bay, we have found no published data on the occurrence and survival of coliform bacteria in the sediments adjacent to marine sewage outfalls. During the course of an oceanographic investigation of Santa Monica Bay, conducted to assist in the design of a new ocean outfall for the city of Los Angeles, studies were made on the occurrence of coliforms in the marinc sediments around three existing outfalls.
Most of the work reported here was done under contract with the Hyperion Engineers, Los Angeles, but part was supported by a grant from the Los Angeles County Sanitation Districts.
Many individuals assisted us in the field work or by providing unpublished information, It is a pleasure to acknowledge the aid of Mr. C. G. The sediments, for efhuent are discharged daily from the the most part, consist of medium to fine White's Point outfalls.
The shoreline in clean sands and sandy silts with dark or the vicinity is steep with rock or gravel black colored sediments rich in organic beaches, and the sea bottom slopes off matter adjacent to the outfall.
rapidly. The bottom sediments range from The Los Angeles County Sanitation Disrock and coarse gravel to fine sands and trict outfalls are located at White's Point at sandy silts as one proceeds seaward. Free the foot of the Palos Verdes Hills (Fig. 3) . hydrogen sulfide is present in the surface layers of the sediments within a radius of roughly one-half to one mile around the outfalls.
Sediments having a black color (FeS) extend more than five miles up and down coast from the outfalls and contain a relatively high percentage of organic matter.
than the actual abundance of coliforms in the area.
METHODS
It was found that the usual methods of collecting sediment samples by means of corers or snappers were inadequate for our purposes. Using either type of device, considerable distortion and disruption of the surface of the sediment occurs either during the collection of the sediment or during its removal from the sampling device. Samples taken for analysis consequently contain a highly variable amount of the surface material.
Since the viable coliform bacteria, introduced by settling, should be present largely or exclusively in a thin surface layer, the coliform counts obtained with these methods of sampling are more likely to reflect the proportion of the surface material present in the sample removed for analysis For the present investigation, samples were collected by two methods designed to obviate this difficulty.
Divers were employed to collect the sediments in shallow water and in the surf zone, where the ship could not operate
The divers were provided with glass tubes open on both ends, about 1.8 cm in diameter and 6 cm long, having a cross sectional area of 2.5 cm2. The tubes were sterilized, filled with sterile tap water, and closed with sterile rubber caps that fitted over the ends. To -take a sample, the diver removed the caps while holding the tube just above the sediment surface, pushed the tube into the sediment and replaced the caps without allowing any of the scdimcnt to escape. Although a somewhat variable depth of the sediment column is sampled by this procedure, the entire surface layer is captured, and this layer is the significant portion of the sample.
When the tubes were returned to the divers' launch, the entire contents were AROUND MARINE SEWAGE OUTFALLS transferred to sterile water blanks of proper volume to give an initial dilution of 2.5 cm2 of surface area per 100 ml of suspension. Appropriate further dilutions were prcparcd and coliform populations determined. The results obtained are reported as most probable numbers (MPN) per cm2 of sediment surface.
For shipboard work, a sampling device designed by Emery (1958) was employed. This device also samples a 2.5 cm2 area, and as with the divers' samples, the cntirc surface layer is captured.
At several stations samples collected by both techniques gave comparable coliform counts.
The samples were analyzed for coliforms following Standard Methods for Analysis of Water, Sewage and Industrial Wastes (American Public Health Association 1955) in all respects. Dilutions were prepared and presumptive tubes inoculated within an hour after the sediments were obtained, so that problems introduced by the storage of samples were eliminated.
All positive presumptive tubes wcrc confirmed on eosin methylene blue (EMB) agar ; brilliant green bile broth was unsuitable for the confirmed medium for reasons mentioned later. All doubtful confirmed tests were completed. No effort was made to distinguish critically between the various spccics of coliforms present. However, a number of pure cultures were isolated at random from typical colonies appearing on the EMB plates, and these cultures were examined by the usual morphological and biochemical (imvic) tests employed for the identification of coliforms (American Public Health Association 1955) . In all cases, cultures picked from typical colonies proved to be coliforms.
RESULTS
One-hundred samples were collected in the vicinity of the Orange County outfall on a series of parallel lines perpendicular to the short from about 1.5 miles down coast to 3 miles up coast from the outfall. On each line, one sample was taken at the water line on the beach, one in the surf, and the rcmaining 8 were evenly spaced out to about 3 miles offshore. TJsing similar grid patterns, 106 samples were collected around the White's Point outfalls, and 109 samples were taken in Santa Monica Bay around the Hyperion outfall. Table 1 shows the number of positive samples and the range of MPN's observed at each location.
Figures 1, 2, and 3 map the extent and intensity of the bottom coliform fields found in the three areas.
It can be seen that the sediments in an extensive area around the Orange County (Pig. 1) and White's Point (Fig. 3 ) outfalls, where unchlorinated effluent is constantly being discharged, contain large numbers of coliform bacteria.
In the vicinity of the Orange County outfall (Fig. l) , the highest counts were observed in sediments down coast from the outfall cxtcnding shoreward into the beach. One sample, taken at the water line about 3000 feet down coast from the outfall position, had a MPN of 5,200 per cm2. It should be mentioned that this sample, as well as other high count samples, appeared to consist of clean sand with no visible evidence of sludge deposits.
The distribution of coliforms in the scdiments around White's Point (Fig. 3 ) differed somewhat from that at Orange County although an equally large, if not more extensive, field existed. The highest concentrations of coliforms were found up coast from the outfall in an area parallel to the shoreline extending beyond Point Vincentc about --5 miles away, and down coast in an area extending seaward past Point Fcrmin. The data also show coliforms at the entrance of Los Angeles Harbor which could have come from an outfall discharging inside the breakwater. Contrary to what was found around the Orange County outfall, the water line samples with the exception of the two stations directly inshore of the outfall were negative.
Field observations showed that some of the sediment samples taken in the White's l'oint area were black in color (FeS) and some smelled strongly of hydrogen sulfide. The occurrence of sulfides in the surface layers of these sediments where the bottom topography does not restrict water movement (and hence availability of oxygen) can only be explained by an abnormally high organic matter content which allows bacterial activity to establish anaerobic conditions (Emery and Rittcnbcrg 1952). In addition, grab samples taken with a clam shell snapper sometimes contained large masses of tubes of the marine worm Chaetopterus variopedatus, another indicator of high organic matter content, which in this area could be only of outfall origin. It can be seen from Figure 4 that the distribution of these markers of pollution correlates with the observed distribution of coliforms in the area.
In contrast to what was found in the other two locations, only a few of the sediment samples collected around the Hyperion outfall (Fig. 2) showed the presence of coliforms, and in these samples the numbers were low. In an earlier survey, in which samples were taken with a corer or snapper, 29 positives were obtained out of 101 samples collected over essentially the same area. Since the spacing of the samples was different in the two surveys, the difference in the percentage of positives is of little significance.
The less extensive coliform field, both with respect to area and numbers, is perhaps what one would expect considering that essentially all the eflluent discharged into this area is chlorinated and low in coliforms.
Although the samples from the area of the Hyperion outfall contained few or no coliforms, they almost always gave positive presumptive tests when 1 ml of the lowest dilution (2.5 cm2/100 ml) was used as the inoculum.
The large majority of these positive lactose broth tubes failed to confirm on EMB agar, and an effort was made to determine the cause of thcsc false positive presumptives.
It was found that at least part of these false positives were due to More important from the point of view of methodology, it was found that about 50 per cent of the positive lactose tubes that failed to confirm on EMB agar gave positive results in brilliant green bile broth despite the absence of coliform bacteria in the samples. These data show that brilliant green bile broth should not be used for the confirmed test in any project dealing with marine sediments.
DISCUSSION
The finding of extensive fields of coliforms in the sediments around outfalls discharging sewage efluent into the oceans raises the question as to the mechanism responsible for their observed distribution.
Studies have been made of the current systems and the movements of the surface effluent fields in the vicinity of the three outfalls using a variety of techniques : current meter mcasurements, observations of drogues, drift cards and dye patches, calculations from salinity determinations and aerial photography (Stevenson et al. 1956 , Rittenberg 1956 . The data show that the coliforms in the sediments (and the other markers of pollution in the case of the White's Point area) are, in general, present in the areas beneath the surface movement of the effluent field in the water. It has also been shown, by following the distribution of effluent tagged with radioactive scandium at the outfall inlet on land, that essentially all the effluent discharged from an outfall rises to the surface of the ocean (Rittenberg 1956) . Consequently, most of the coliforms must reach the sediment by deposition from above. Other mechanisms, such as transport along the bottom by turbidity currents and scavenger organisms, while possible, are probably secondary.
The occurrence and arcal distribution of the coliform fields in the sediments attest to the significance of sedimentation as a major factor in the disappearance of coliforms discharged into ocean waters. The importance of sedimentation in the sclfpurification of fresh water has long been known (Jordan 1900, Gaincy and Lord I952) , and this process has been claimed to have varying degrees of significance in the self-purification of the salt water Zimans in the vicinity of Odessa (Rubentschik et al. 1936) , of tidal estuaries (Weiss 1951 , Ketchum et al. 1952 , and of sea water (Dienert and Guillerd 1939) . None of the above authors attempted a direct demonstration of coliforms in the sediments of the environments involved.
Rubentschick et at. (1936) and Weiss (1951) explained the sedimentation effect in terms of the marked adsorption of coliforms on silts, which they demonstrated by laboratory experiments. The latter author also showed that sea water markedly reduced the adsorption OF coliforms on river and estuarine silts and could cause desorption of bacteria. HOWever, in the vicinity of the marine sewage outfalls studied, it is probable that flocculation and settling of the sludge released in the effluent is more important in promoting sedimentation of coliforms than is adsorption to the suspended inorganic materials naturally present in these areas (Stevenson 1956) .
A much more dificult question to resolve is how long the coliform bacteria survive in the marine sediments. Studies have been made on the distribution of coliforms in the surface and subsurface waters around the same three outfalls by ourselves (Rittenberg 1956) and by personnel of the three sanitation districts involved.
These studies show that coliforms can be carried in the water for suflicient distances away from the outfalls to account for their observed distribution in the sediments. However, the numbers in a column of water at any one time are less than the numbers in the sediments below except within perhaps a few hundred feet of the outfall boil. For example, in numerous sampling series in the Orange County outfall arca, MPN's of coliforms greater than 10 per ml were never observed in water more than 6000 feet from the outfall boil (excepting the surf zone). In contrast, sediments as far as 3 miles from the outfall have coliform populations measured in thousands or even tens of thousands per cm2. Thus the coliforms must survive for a sufficiently long period of time in the scdimcnts to allow large populations to be RITTENBELXJ, IMITTWER, AND IVLER built up by deposition from the overlying 10~ count water, although no precise estimate can bc made of the survival period. This assumes that there is no multiplication of the coliforms in the scdimcnts, and although this assumption is consistent with prevailing opinion about the behavior of coliforms in sea water (see reviews previously cited), it has not to the best of our knowledge been put to experimental test with respect to marine sediments. Whatever the survival time may be, the steady state condition is such that significant populations do exist in the surface layer at any one time. Since the coliform field in the sediments can extend to the water line on the beach, the question arises as to whether or not the existence of the field has public health significance.
Since the coliforms are present there is no known reason why enteric pathogens could not be present in the same environment.
If they are present in the sediments of the surf zone where wave action could resuspend them in the water, it is not outside the realm of possibility that a public health hazard exists for those individuals using the area for recreational purposes. It must bc emphasized that there is no cpidemiological evidence that infection has resulted from such a situation.
It is suggested that a more detailed investigation of this problem is in order.
